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The induction and loss of pyrimidine dimers in human 
skin in vivo was determined using UV endonuclease, 
alkaline sucrose sedimentation, and the fluorescent de-
tection of nonradiolabeled DNA. The number of dimers 
induced following exposure ofthe skin to radiation emit-
ted from a Burdick UV -800 sunlamp was quantitated by 
reacting the extracted DNA with Micrococcus luteus en-
donuclease specific for pyrimidine dimers. Exposure to 
15 and 30 seconds of radiation emitted from this lamp 
produced the formation of 12.8 and 23.6 dimers per 10N 
daltons DNA, respectively. Approximately 50% of the 
dimers induced were lost 58 min after irradiation. Only 
a small percentage «10) remained 24 hr postirradiation. 
These data partially characterize the process by which 
pyrimidine dimers are excised from human skin DNA in 
vivo. 
The biological and molecular effects of UV radiation have 
been extensively studied in various mammalian cell systems in 
vitro [1,2]. UV is known to cause the formation of pyrimidine 
dimers and result in cell death, mutation, and transformation. 
There are at least 3 repair mechanisms [1,2] (excision, photo-
reactivation, and daughter strand repair) by which cells can 
cope with damage induced into DNA following UV irradiation. 
Based upon in vitro studies, defects in excision, photoreactiva-
tion, and daughter strand repair have been correlated with the 
sensitivity of humans to sunlight-induced skin cancers [3,4]. 
However, these in vitro studies can not take into consideration 
how the unknown medium components and the possible selec-
tion of certain cell types may affect DNA damage and repair. 
Also, it is difficult to know without performing the studies 
directly in humans in vivo how the in vitro results relate to the 
in vivo situation. 
Until recently techniques were not available to measure 
pyrimidine dimers directly in human skin in vivo, mainly be-
cause it was difficult to measure small quantities of nomadio-
labeled DNA. Two methods [5-7] have evolved which use 
fluorescent dyes to detect nomadiolabeled DNA. One method 
measures the distance of DNA migrated after electrophoresis 
in alkaline agarose [5], while the other determines the sedimen-
tation of DNA in alkaline sucrose gradients [6,7]. Although the 
former method has been used recently [8] in conjunction with 
UV endonuclease [9] to measure dimer formation and removal 
in human skin in vivo, the study did not fully characterize the 
kinetics of excision repair. Determinations were made in a 
limited number of volunteers and doses of UV, 20 min after 
irradiation. In our pl·esent study, using the alkaline sucrose 
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gradient sedimentation of nonradiolabeled DNA [6] reacted 
with UV endonuclease, we measured quantitatively the initial 
levels of pyrimidine dimers induced in human skin in vivo and 
monitored the loss of such dimers as a function of time over a 
24-hr period in vivo in 11 volunteers. 
MATERIALS AND METHODS 
Irradiation 
Eleven lightly pigmented caucasian male and female volunteers in 
their early 20's, were exposed to UV-irradiation from a Burdick UV-
800 sunlamp (Burdick Corp., Milton, Wi.). This lamp is a high pressure 
mercury a rc lamp which emi ts a spectrum of radiation between 200 
and 405 nm (Optronic Labs, Silver Springs, Md.) . Thus we were able to 
measure the flu ence of radiation emitted from this lamp. This value 
was 8 J / m2/sec as determined by a short-wave length UV meter (UV 
products, San Gabriel, CAl which was previously calibrated with a 
Latarjet meter [10]. Although we realize that this lamp emits many 
wavelengths of light, we used radiat ion emitted in the short-wave 
length region as a reference and indicator of dose used to produce 
pyrimidine dimers. Exposw-e was between 15 and 30 sec depending 
upon dose desu·ed at a distance of 79 em from the surface of the skin. 
Immediately following exposw-e, the irradiated area was covered to 
exclude exposw-e to visible or fluorescent light. 
The volunteers were irradiated and small epidermal specimens (2 X 
2 mm) were sw-gically removed, with 1% lidocaine anesthesia, from the 
uTadiated areas and from the non irradiated control sites on the but· 
tocks. The test areas in all volunteers had not previously received UV 
radiation. The tissue specimen consisted of epidermis removed at the 
mid-rete ridge level containing very little dermal tissue from the highest 
tips of the papillary dennis only, and was approximately 0.2 mm in 
thickness as determined by standard pathological techniques of fixa-
t ion. The epidermis in the buttock region is natw-ally quite thin, and in 
ow- sections averaged 4-8 cell layers in thickness. 
UV Endonuclease R eaction 
The tissue was placed into a 220 ul solution containing 0.1 M Tris-
HCL, 0.2 M NaCI, 0.05 M EDTA, 1% sodium dodecyl sulfate (SDS) and 
250 ug proteinase-K, pH 8.0, incubated at 45°C for 10 min and 37°C for 
60 min. The DNA was extracted with phenol satw·ated with UV-
endonuclease buffer (20 mM Tris-HCL, 2 mM EDTA, 40 mM NaCI, pH 
8.0) [ll]. The aqueous layer containing DNA was washed twice with 
anhydrous ether and dialyzed against the UV endonuclease buffer for 
24 hr. Approximately 1 ug. of DNA in 200 ul of buffer was incubated 
with 75 ul of UV-endonuclease from Micrococcus .lute u.s [equivalent to 
pooled peaks I and II of the I'll fraction according to the procedure of 
Riazuddin and Grossman [12]) a t 37°C for 60 min. The reaction was 
terminated by the addition ofNaOH and EDTA to a final concentration 
of 0.5 N NaOH and 10 mM EDTA. 
S edim.enta.tion and Detection of DNA 
The DNA was layered on top of and centrifuged tlu·ough a 5-20% 
alkaline sucrose (0.5 M N aCI) gradient. The DNA was sedimented in a 
SW 56 rotor of a B eckman L5-50B ult racentrifuge for the times and 
speeds indicated in the figure legends. Following centrifugation 5 ill·op 
fractions (175 ul) were collected from the bottom of the tube into 26-27 
(6 X 50 mm) glass tubes (Kew Scientific, Col. OH). The rela tive amount 
of DNA in each tube was determined by the method described by 
Brash [6,7] which consisted of: (a) adding HCL to neutralize the 
alkaline sucrose fractions , (b) adding lysozyme and T CA to precipitate 
the DNA, (c) washing the DNA with 15% TeA, 1% potassium acetate 
in ethanol, and absolute ethanol, (d) ill·ying the DNA by evaporation, 
and (e) adding 5 ul of diaminobenzoic acid (400 mg/ ml) . Following 
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incubation at 65°C for 30 min, HCL was added. The relative amount of 
fluorescence was read using a Farrand Model A5 fluorometer at 405 
nm excitation and 510 nm emission. The percentage of DNA in each 
tube was determined from the total fluorescence. Since the flu ctuation 
in the amount of DNA sedimenting near the top of the gradient affects 
the number average (Mn) molecular weight, we used the weight average 
(Mw) molecular weight for determining the number of endonuclease 
sensitive sites. The number of pyrimidine dimers (endonuclease sensi-
tive sites) are calculated from the molecular weights (13-15) using the 
relationship Mn = 0.5 Mw and 
Mn = Mn (Irrndillt £ld ) - Mn (Control) 
RESULTS 
Figure 1 shows the alkaline sucrose gradient profiles of DNA 
from skin irradiated in vivo with 0, 150, and 300 J 1m2 of UV. As 
shown in this figure, the larger the dose of UV, the lower the 
molecular weight of DNA following its reaction with UV-en-
donuclease. From this data, we calculated that approximately 
12.8 and 23.6 dimers per 108 daltons were induced in skin DNA 
in vivo following the irradiation with 150 and 300 J/m2 of UV, 
respectively. Gradients of DNA from UV irradiated skin but 
not incubated with UV-endonuclease were identical to DNA 
from skin not irradiated (data not shown). This comparatively 
low number of dimers in relationship to the dose of UV was 
probably representative of both the impairment of UV penetra-
tion by surface scale, nonnucleated stratum corneum cells, and 
other structures of the upper epidermis. Repair or removal of 
dimers was measured 0-24 hr following UV irradiation with 100 
or 300 J/ m 2 of UV. A typical alkaline sucrose gradient profile 
of DNA 0,.3, 24 hr following UV irradiation is shown in Fig 2. 
As seen in this figul'e the number of UV -endonuclease sensitive 
sites decreased as time following UV irradiation increased. The 
profiles obtained 24 hr after UV irradiation were almost iden-
tical to the nonirradiated controls, indicating an almost com-
plete removal of pyrimidine dimers fTom the skin in vivo. 
Removal of these sites were detectable as early as 0.5 hr 
following UV irradiation (Fig 3) . The Tate of Temoval within 
the first 4 hr was faster than that of the next 20 hr indicating a 
biphasic rate of removal. 
DISCUSSION 
Numerous DNA repair studies have been performed on hu-
man dermal cells in vitro. Although the portion of human skin 
that is directly exposed to UV radiation contains epidermal 
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FIG 1. , Alkaline sucrose gradient profIles of DNA from human skin 
irradiated in vivo with UV. Skin was irradiated with 0,150, and 300 JI 
m2 of UV. Following extraction with phenol, the DNA was incubated 
with UV-endonuclease. Sedimentation proftles of DNA from nonirra-
diated skin were identical whether incubated with or without UV 
endonuclease, as were proftles from irradiated and non irradiated skin 
DNA not incubated with UV endonuclease. Sedimentation was at 
45,000 rpm for 105 min in a SW56 rotor of a Beckman L5-50B ultracen-
trifuge. 
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FIG 2. Sedimentation profiles of DNA obtained from the skin irra-
diated in vivo with 100 J/ m2 of UV. Biopsies were taken 0, 3, and 24 hr 
after irradiation. Sedimentation conditions were the same as in Fig 1 
except that samples were centrifuged for 95 min at 45,000 rpm. 
100 
90 
80 KL 0 AS v 
C) AT· OS , 
z 
70 Z 
" 
AL 0 e M 0 
JW . JR. 
~ 
Ir 60 
MO,'( EM. 
ffi 50 
'" 0 
.... 
~ . 0 
u 
i5 30 a. 
,~ 
20 
10 
0 
0 2' 
TIME ( hours ) 
FIG 3. Plot of percent dimers remaining versus time after irradia-
tion. Skin was irradiated with 100 J/ m2 of UV radiation in all volunteers 
(designated by the initials on the fIgure) except DS who received 300 
J/m 2. The initial number of dimers induced by the irradiation ranged 
from 5.4 to 9.5 per 10" daltons in the volunteers tested. The percent of 
dimers remaining = (the number of dimers detected postirradiation) 
divided by (the number of dimers detected immediately after irradia-
tion) times 100. 
celis, most of the in vitro studies have utilized fibroblasts from 
the dermis which is somewhat shielded from UV. Even though 
studies by Taichman and SetIow [16] have shown that repair in 
epidermal keratinocytes is similar to fibroblasts in cul ture, OUT 
knowledge of DNA repair in human skin in vivo is limited. 
The data presented above using UV specific endonuclease 
and alkaline sucrose gradient sedimentation of non-radiolabeled 
DNA [6], indicates that repair of UV-induced DNA damage is 
rapid and almost complete within 24 hr. The repair kinetics 
appear to be biphasic, indicating at least 2 phases of repair. The 
flrst phase appears to be rapid, with 50% of the dimers being 
removed in approximately 58 min. The second phase appears 
to be somewhat slower, removing most of the remaining dimers 
within 24 hr, Other data [8] using the gel electrophoresis 
method for detecting non-radiolabeled DNA, also indicated 
that the initial phase of repair was rapid, with approximately 
40% of the dimers removed after 20 min in the dark. 
Most repair studies [13,16-18] performed in vitro indicate 
that approximately 50% of the dimers are removed 12-24 hours 
after irradiation. One study [19], however, showed that 50-70% 
of the dimers were lost 1 hr after irradiation, From these data 
it would appeal' that excision repair is much faster in human 
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skin in vivo t h an in skin cells in vitro. In comparison to other 
studies [20] u sing alkaline sucrose sedimentation of mouse 
DNA radiolabeled in vivo a nd repair measuTed in vitro, human 
skin is much mOTe efficien t in removing pyrimidine dimers than 
mouse skin. The reasons for t hese differences in repai.r may 
relate to: (a) the selection of cer tain cell types dW'ing cul tw'ing; 
(b) host factors in vivo; a nd (c) species differences. 
The assay [6] is of sufficient sensitivity (i.e. uses very small 
a mounts of tissues) to a llow the quantitative ch aracterization 
of the rates of repair a nd provide ins ights into t h e mechanisms 
of excision and photoreactivation repair in normal as well as 
individuals sh owing clinical sensitivity to ligh t as a function of 
age, sex and genetic backgTOund. Thus, t h ese data and this 
approach provide the means by which we can now begin to 
measure these parameters diTectly in humans in vivo and relate 
the data obtained to solar induced cancer, ageing, and other 
dermatological alteTations. 
We ackowledge the kind assistance of our volunteers, the helpful 
discussions with Dr. R.W. Hart, and the computer analysis by D.K. 
Lamb. 
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